Phospholipid flop induced by transmembrane peptides in model membranes is modulated by lipid composition.
Since phospholipid synthesis is generally confined to one leaflet of a membrane, membrane growth requires phospholipid translocation (flip-flop). It is generally assumed that this process is protein-mediated; however, the mechanism of flip-flop remains elusive. Previously, we have demonstrated flop of 2-[6-[(7-nitro-2,1,3-benzoxadiazol-4-yl)amino]caproyl] (C6NBD) phospholipids, induced by the presence of membrane-spanning peptides in vesicles composed of an Escherichia coli phospholipid extract, supporting the hypothesis that the presence of transmembrane stretches of proteins in the bilayer is sufficient to allow phospholipid flip-flop in the inner membrane of E. coli [Kol et al. (2001) Biochemistry 40, 10500]. Here, we investigated whether the specific phospholipid composition of E. coli is a prerequisite for transmembrane helix-induced flop of phospholipids. This was tested by determining the amount of C6NBD-phospholipid that was translocated from the inner leaflet to the outer leaflet of a model membrane in time, using a dithionite reduction assay. The transmembrane peptides GWWL(AL)8WWA (WALP23) and GKKL(AL)8KKA (KALP23) induced phospholipid flop in model membranes composed of various lipid mixtures. The rate of peptide-induced flop was found to decrease with increasing dioleoylphosphatidylethanolamine (DOPE) content of vesicles composed of DOPE and dioleoylphosphatidylcholine (DOPC), and the rate of KALP23-induced flop was shown to be stimulated by higher dioleoylphosphatidylglycerol (DOPG) content in model membranes composed of DOPG and DOPC. Furthermore, the incorporation of cholesterol had an inhibitory effect on peptide-induced flop. Finally, flop efficiency was strongly dependent on the phospholipid headgroup of the NBD-phospholipid analogue. Possible implications for transmembrane helix-induced flop in biomembranes in general are discussed.